Whether temporary angiotensin II (AngII) blockade at the prediabetic stage attenuates renal injury in type 2 diabetic OLETF rats later in life was investigated. OLETF rats were treated with an AT 1 receptor antagonist (olmesartan, 0.01% in food), angiotensin-converting enzyme inhibitor (temocapril, 0.01% in food), a combination of the two, or hydralazine (25 mg/kg per d) at the prediabetic stage (4 to 11 wk of age) and then monitored without further treatment until 50 wk of age. At 11 wk of age, blood glucose levels and urinary protein excretion (U protein V) were similar between OLETF and control LETO rats. However, OLETF rats showed higher kidney AngII contents and type IV collagen mRNA expression than LETO rats at this age. These decreased with olmesartan, temocapril, and a combination of these but not with hydralazine. At 50 wk of age, diabetic OLETF rats showed higher BP, U protein V, and intrarenal AngII levels than LETO rats. Temporary AngII blockade did not affect glucose metabolism or the development of hypertension in OLETF rats but significantly suppressed proteinuria and ameliorated glomerular injury. However, no parameters were affected by temporary hydralazine treatment. The present study demonstrated that intrarenal AngII and type IV collagen expression are already augmented long before diabetes becomes apparent in OLETF rats. Furthermore, temporary AngII blockade at the prediabetic stage attenuates the progression of renal injury in these animals. These data suggest that early AngII blockade could be an effective strategy for preventing the development of type 2 diabetic renal injury later in life. D iabetic nephropathy is a major complication in diabetes and a leading cause of end-stage renal failure, which causes disabilities and a high mortality rate in patients with this disease (1). The mechanisms underlying the development of diabetic nephropathy are extremely complex; however, the potential role of the renin-angiotensin system (RAS) has been suggested (2-13). Recent studies indicate that in diabetes, intrarenal generation of angiotensin II (AngII) is elevated despite suppressed circulating RAS (5,6). Furthermore, AT 1 receptor blockers (ARB) or angiotensin-converting enzyme inhibitors (ACEI) have been shown to attenuate the progression of diabetic nephropathy (3,4,7-13). Several clinical trials have shown that ARB are more effective than traditional antihypertensive therapies in reducing renal failure progression in patients with type 2 diabetes and that the renoprotective effects of ARB are independent of their antihypertensive actions (8 -11). Of interest, it has also been shown that ACEI treatment of normotensive patients with diabetes and little or no proteinuria (early stages of diabetic nephropathy) results in long-term stabilization of plasma creatinine levels and urinary protein excretion rates (U protein V) (12,13). These observations suggest that angiotensin blockade has clinical benefits for patients who have diabetes and have no or early signals of renal disease.
D iabetic nephropathy is a major complication in diabetes and a leading cause of end-stage renal failure, which causes disabilities and a high mortality rate in patients with this disease (1) . The mechanisms underlying the development of diabetic nephropathy are extremely complex; however, the potential role of the renin-angiotensin system (RAS) has been suggested (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) . Recent studies indicate that in diabetes, intrarenal generation of angiotensin II (AngII) is elevated despite suppressed circulating RAS (5, 6) . Furthermore, AT 1 receptor blockers (ARB) or angiotensin-converting enzyme inhibitors (ACEI) have been shown to attenuate the progression of diabetic nephropathy (3, 4, (7) (8) (9) (10) (11) (12) (13) . Several clinical trials have shown that ARB are more effective than traditional antihypertensive therapies in reducing renal failure progression in patients with type 2 diabetes and that the renoprotective effects of ARB are independent of their antihypertensive actions (8 -11) . Of interest, it has also been shown that ACEI treatment of normotensive patients with diabetes and little or no proteinuria (early stages of diabetic nephropathy) results in long-term stabilization of plasma creatinine levels and urinary protein excretion rates (U protein V) (12, 13) . These observations suggest that angiotensin blockade has clinical benefits for patients who have diabetes and have no or early signals of renal disease.
It has been shown that early administration of ACEI to young spontaneously hypertensive rats (SHR) has long-term antihypertensive effects even after treatment is discontinued (14, 15) . However, no similar effect could be found with administration of other antihypertensive drugs, including calcium antagonists, ␤-blockers, and direct vasodilators (15) (16) (17) . Further studies showed that a single application of ACE antisense to neonatal rats attenuated the development of hypertension and endothelial dysfunction in SHR (18) . Recently, Nakaya et al. (19, 20) revealed that administration of ARB or ACEI during a limited time window before puberty results in a prolonged reduction in BP and renoprotection in stroke-prone SHR and Dahl saltsensitive hypertensive rats. Collectively, these data suggest that sensitivity to angiotensin blockade exists before the develop-ment of hypertension as well as associated renal injury. However, it is still not clear whether the renoprotective effects of angiotensin blockade are due to its antihypertensive effect or direct mechanisms. In addition, the effects of brief periods of ARB or ACEI treatment on renal injury in type 2 diabetes have not been examined.
This study investigates whether temporary AngII blockade at the prediabetic stage provides long-lasting protection against renal injury in type 2 diabetic rats. OLETF rats, which exhibit pathologic features of renal injury similar to those of human type 2 diabetes (21-23), were treated with an ARB, olmesartan (22, 24) , an ACEI, temocapril (22) , or a nonspecific vasodilator, hydralazine (24) , for only 7 wk at the prediabetic stage (4 to 11 wk of age) and then monitored without further treatment until 50 wk of age. The present study demonstrates for the first time that intrarenal AngII and reactive oxygen species (ROS) levels as well as type IV collagen gene expression are already augmented in young OLETF rats, long before diabetes becomes apparent. In addition, temporary AngII blockade at the prediabetic stage suppresses the development of renal injury in these animals, independent of its effects on BP and glucose metabolism. These data suggest that early AngII blockade could be an effective strategy for preventing the development of type 2 diabetic renal injury later in life.
Materials and Methods

Animals
All experimental procedures were performed according to the guidelines for the care and use of animals established by Kagawa Medical University. Male 4-wk-old OLETF rats and LETO rats (genetic control of OLETF rats; n ϭ 12) were supplied by Otsuka Pharmaceutical Co. Ltd. (Tokushima, Japan). After basal measurements were obtained, OLETF rats were randomly treated with one of the following combinations: tap water ϩ standard diet (n ϭ 14); tap water ϩ olmesartan (0.01% in food; Sankyo Co. Ltd., Tokyo, Japan); n ϭ 14); tap water ϩ temocapril (0.01% in food; Sankyo Co. Ltd.; n ϭ 14); tap water ϩ olmesartan (0.01% in food) ϩ temocapril (0.01% in food; n ϭ 14); or standard diet ϩ tap water containing hydralazine (25 mg/kg per d; n ϭ 14). The doses of olmesartan, temocapril, and hydralazine were determined on the basis of results from previous studies on rats (22, 24) . The medications were stopped at 11 wk of age. Half of the LETO and OLETF rats in each group then were killed, and the remaining rats were monitored without medication until they were killed at 50 wk of age.
Systolic BP (SBP) was measured in conscious rats by tail-cuff plethysmography (BP-98A; Softron Co., Tokyo, Japan), and 24-h urine samples were collected using metabolic cages. After decapitation, half of one kidney was homogenized in cold methanol and processed for measurements of kidney AngII content (24 -27) . The other half of this kidney was fixed in 10% buffered paraformaldehyde for histologic examination. The remaining kidney was snap-frozen in liquid nitrogen and stored at Ϫ80°C.
Real-Time Reverse Transcription-PCR
The mRNA expression of angiotensinogen in renal cortical tissues was analyzed quantitatively by real-time PCR using an Mx3000P System with a Brilliant Single-Step QRT-PCR Master Mix Kit (Stratagene, La Jolla, CA) (26). The following rat angiotensinogen primers were used: sense 5Ј-AGGCAAGAGGTGTAGCCAGT-3Ј and antisense 5Ј-AGGACCTTATGTCCGTCCAG-3Ј. The following rat angiotensinogen probe was used: 5Ј-TCTTTCTACCTTGGATCGTTGGATCCC-3Ј. The mRNA expression of glyceraldehyde-3-phosphate dehydrogenase, renin, p22phox, gp91phox, types I and IV collagen, TGF-␤, and connective tissue growth factor (CTGF) were analyzed by real-time PCR using a LightCycler FastStart DNA Master SYBR Green I kit (28) . The oligonucleotide primer sequences and PCR conditions for p22phox, gp91phox, and types I and IV collagen are summarized in Table 1 . TGF-␤ and CTGF mRNA expression were measured by using TaqMan Gene Expression Assay kits (Applied Biosystems, Foster City, CA). All data are expressed as the relative differences between OLETF and LETO rats after normalization to glyceraldehyde-3-phosphate dehydrogenase expression.
Western Blot Analysis
AT 1 and AT 2 receptor protein levels in the renal cortical tissues were analyzed by Western blotting using antibodies against the AT 1 and AT 2 receptors (Santa Cruz Biotechnology, Santa Cruz, CA), as described previously (24, 25, 27) . To check for equal loading, we reprobed membranes with an antibody against ␤-actin (Sigma Chemical, St. Louis, MO). Data are expressed as the relative differences between OLETF rats and LETO rats after normalization to ␤-actin expression.
Histologic Examination
Kidneys were fixed with 10% formalin (pH 7.4), embedded in paraffin, sectioned into 4-m slices, and stained with hematoxylin-eosin or periodic acid-Schiff (PAS) reagents. The severity of glomerular sclerosis in the PAS-stained sections was determined using a semiquantitative score from 0 to 4: 0, no matrix expansion; 1, minor; 2, weak; 3, moderate; and 4, strong (25, 28) . The diameters of the glomeruli in each experimental group were measured using a visual caliper (SVS 30000; Showa Electric Laboratory, Fukuoka, Japan) (28) . For all measurements, 245 to 315 randomly selected glomeruli were examined.
Other Analytical Procedures
AngII content in the kidneys was measured by RIA as described previously (24 -27) , and U protein V was determined using a protein assay kit (microTP-test; Wako Co., Osaka, Japan). Blood glucose levels were measured with a glucose analyzer (Sanwa-Kagaku, Co. Ltd., Nagoya, Japan), and insulin levels were measured with a RIA kit (Amersham Biosciences, Piscataway, NJ). The degree of lipid peroxidation was determined using biochemical assays of the thiobarbituric acid reactive substances (TBARS) in the renal cortical tissues, as described previously (24, 27, 28) . Renal cortical tissue collagen content was determined on the basis of hydroxyproline concentration (25, 28) .
Statistical Analyses
Values are presented as means Ϯ SEM. Statistical comparisons of the differences were performed using one-or two-way ANOVA combined with Newman-Keuls post hoc test. P Ͻ 0.05 was considered statistically significant.
Results
BP, Body Weight, and Blood Glucose
The temporal profiles of SBP, body weight, and postprandial blood glucose are depicted in Figure 1 , A through C. SBP remained unaltered in LETO rats, whereas OLETF rats progressively developed hypertension ( Figure 1A ). Temporary treatment with olmesartan, temocapril, a combination of these, or hydralazine at the prediabetic stage had no effect on the development of hypertension. From 15 to 50 wk of age, the body weight of untreated OLETF rats was higher than that of LETO rats ( Figure 1B) . None of the temporary treatments affected the body weight of OLETF rats ( Figure 1B ). OLETF rats showed higher postprandial blood glucose levels than LETO rats from 15 to 50 wk of age ( Figure 1C ). As shown in Table 2 , the SBP and postprandial blood glucose levels were similar between LETO and OLETF rats at 11 wk of age. Treatment with olmesartan, temocapril, a combination of these, or hydralazine resulted in similar reductions in SBP but did not alter the postprandial blood glucose levels in OLETF rats. The data at 50 wk of age are shown in Table 3 .
U protein V, Renal Cortical Collagen, TGF-␤, and CTGF
The temporal profile of U protein V is depicted in Figure 1D . The U protein V of OLETF rats progressively increased with age. The progression of proteinuria was markedly suppressed by temporary treatment with olmesartan, temocapril, or a combination of these but not by treatment with hydralazine.
At 11 wk of age, U protein V and the renal cortical collagen contents were similar among all groups ( Figures 1D and 2A) . The mRNA expression of type I collagen in the renal cortical tissues was also similar between LETO and OLETF rats. In OLETF rats, however, treatment with olmesartan or olmesartan plus temocapril significantly decreased type I collagen gene expression ( Figure 2B ). Temocapril also tended to decrease type I collagen gene expression, but the change was not statistically significant. Furthermore, hydralazine did not alter type I collagen gene expression. However, renal cortical type IV collagen mRNA expression was approximately twofold higher in OLETF rats than in LETO rats at this age ( Figure 2C ). In addition, the augmentation of type IV collagen gene expression was prevented by treatment with olmesartan, temocapril, or a combination of these but not by treatment with hydralazine ( Figure 2C ). Renal cortical mRNA expression of TGF-␤ was not significantly changed in OLETF rats ( Figure 2D ), whereas CTGF mRNA expression was approximately fourfold higher in OLETF rats ( Figure 2E ). The augmentation of CTGF collagen gene expression was prevented by treatment with olmesartan, temocapril, or a combination of these but not by treatment with hydralazine ( Figure 2E ). . OLETF rats develop hypertension, obesity, diabetes, and proteinuria. In these animals, temporary treatment with olmesartan, temocapril, a combination of these, or hydralazine at the prediabetic stage (4 to 11 wk of age) does not affect the development of hypertension, obesity, or high glucose levels later in life. However, the progression of proteinuria is markedly suppressed by temporary treatment with olmesartan, temocapril, or a combination of these but not by treatment with hydralazine.
At 50 wk of age, the renal cortical collagen content in untreated OLETF rats was significantly higher than that in LETO rats. In OLETF rats, the renal cortical collagen contents were significantly decreased by temporary treatment with olmesartan, temocapril, or a combination of these but not by treatment with hydralazine ( Figure 3A) . Similar results were observed for the renal cortical mRNA expression of types I and IV collagen, TGF-␤, and CTGF ( Figure 3 , B through E).
Histologic Findings
The glomerular histologic findings with hematoxylin-eosin and PAS staining are shown in Figure 4 , A and B, respectively. In 11-wk-old OLETF rats, there were no obvious glomeruli alterations (data not shown). However, mesangial expansion accompanied by an accumulation of extracellular matrix and glomerular capillary wall thickening occurred at 50 wk of age. Some glomeruli showed developed diabetic glomerulopathy accompanied by diffuse mesangial matrix expansion. However, there were no obvious findings except minor alterations as a result of aging in the glomeruli of LETO rats even at 50 wk of age. The semiquantitative analyses data showed that the glomerular sclerosis index in untreated OLETF rats (50 wk of age) was significantly greater compared with LETO rats ( Figure 4C ). Temporary treatment with olmesartan, temocapril, or a combination of these significantly decreased the glomerular sclerosis index in OLETF rats, whereas this value was similar between the untreated and hydralazine-treated OLETF rats at 50 wk of age ( Figure 4C ). Figure 4D shows the glomerular size distribution and reveals that the glomeruli tended to be larger in OLETF rats than in LETO rats. In OLETF rats, temporary treatment with olmesartan, temocapril, a combination of these, or hydralazine did not remarkably alter the glomerular size distribution.
Angiotensinogen, Renin, AngII, and AT 1 and AT 2 Receptors
At 11 wk of age, OLETF rats showed higher renal angiotensinogen and renin mRNA levels than LETO rats ( Figure 5, A  and B) . Treatment with olmesartan, temocapril, or olmesartan plus temocapril significantly decreased angiotensinogen mRNA levels but increased renin mRNA levels in OLETF rats. Hydralazine slightly decreased angiotensinogen expression but increased renin expression in OLETF rats ( Figure 5, A and B) . OLETF rats already showed higher kidney AngII contents than LETO rats at this age ( Figure 5C ). The kidney AngII content decreased with daily treatments of olmesartan, temocapril, or olmesartan plus temocapril, whereas hydralazine had no effect. The protein expression of AT 1 (approximately 46 kD) and AT 2 (approximately 44 kD) receptors was similar among all groups (data not shown). At 50 wk of age, renal cortical angiotensinogen mRNA expression was similar between OLETF and LETO rats (data not shown). However, mRNA renin expression was significantly higher in OLETF rats than in LETO rats (by 2.1 Ϯ 0.2-fold). Temporary treatment with olmesartan, temocapril, a combination of these, or hydralazine had no effect on mRNA angiotensinogen and renin expression (data not shown). Untreated OLETF rats had higher kidney AngII contents than LETO rats (Table 2 ). Temporary treatment with olmesartan, temocapril, a combination of these, or hydralazine had no effect on these values ( Table 2 ). The protein levels of AT 1 and AT 2 receptors were similar among all groups (data not shown).
TBARS Content and mRNA Expression of NAD(P)H Oxidase Components
At 11 wk of age, OLETF rats already showed higher renal cortical TBARS contents and mRNA p22phox expression compared with LETO rats (Table 2 ). In the OLETF rats, treatment with olmesartan, temocapril, or a combination of these decreased the renal cortical TBARS content and p22phox expression. Hydralazine also significantly decreased renal cortical p22phox mRNA expression but not TBARS content. However, Figure 2 . (A) Renal cortical collagen content, and mRNA expression of type I collagen (B), type IV collagen (C), TGF-␤ (D), and connective tissue growth factor (CTGF; E) in OLETF rats at 11 wk of age. The renal cortical collagen contents and mRNA expression of type I collagen and TGF-␤ are similar between OLETF and control LETO rats. However, renal cortical type IV collagen and CTGF mRNA expression is already augmented in OLETF rats at this age. The augmented type IV collagen and CTGF mRNA expression is normalized by treatment with olmesartan, temocapril, or a combination of these but not by treatment with hydralazine. *P Ͻ 0.05 versus LETO; † P Ͻ 0.05, OLETF versus OLETF ϩ olmesartan, temocapril, or olmesartan plus temocapril. , and CTGF (E) in OLETF rats at 50 wk of age. OLETF rats show increased levels at 50 wk of age. In OLETF rats, temporary treatment with olmesartan, temocapril, or a combination of these at the prediabetic stage (4 to 11 wk of age) reduces these levels, whereas temporary treatment with hydralazine does not. *P Ͻ 0.05 versus LETO; † P Ͻ 0.05, OLETF versus OLETF ϩ olmesartan, temocapril, or olmesartan plus temocapril. mRNA gp91phox expression did not differ among the groups (Table 2) .
At 50 wk of age, untreated OLETF rats showed higher renal cortical TBARS contents as well as mRNA p22phox and gp91phox expression compared with LETO rats (Table 3) . Temporary treatment with olmesartan, temocapril, a combination of these, or hydralazine did not alter these levels.
Discussion
The RAS has been implicated in the pathophysiology of diabetic nephropathy, largely on the basis of the ability of ARB or ACEI to reduce proteinuria and the progression of renal injury in patients (7-13) and animals (21, 22, 29) with diabetes. The present study demonstrates that renal injury is associated with increases in intrarenal AngII levels in type 2 diabetic OLETF rats (50 wk of age). In addition, expression of AngII receptors was maintained in the kidneys of diabetic OLETF rats. The key finding of the present study is that intrarenal AngII levels are already augmented in young OLETF rats (11 wk of age) before the manifestation of diabetes. Furthermore, the augmentation of the intrarenal AngII content was prevented by concurrent administration of an ARB or ACEI. In addition, brief treatment with an ARB or ACEI during a limited time window at the prediabetic stage (4 to 11 wk of age) attenuated the development of renal injury later in life, independent of its effects on BP and glucose metabolism. These data suggest a potential contribution of augmented intrarenal AngII levels at the prediabetic period to the development of type 2 diabetic renal injury.
Uehara et al. (21) showed that the onset of proteinuria and renal histologic changes was delayed by daily treatments with ACEI (from 6 to 22 wk of age) in OLETF rats. In the present study, however, the renoprotective effects of temporary angiotensin blockade cannot be explained simply as a consequence of the delay in the onset of renal injury. If temporary angiotensin blockade for 7 wk (4 to 11 wk of age) merely delays the onset of Figure 4 . Photomicrographs of glomeruli with hematoxylin-eosin (HE; A) and periodic acid-Schiff (PAS; B) reagents. In diabetic OLETF rats, mesangial expansion accompanied by an accumulation of extracellular matrix and glomerular capillary wall thickening occurs at 50 wk of age. Some glomeruli show developed glomerulopathy accompanied by diffuse mesangial matrix expansion. These glomerular changes are ameliorated by temporary treatment (4 to 11 wk of age) with olmesartan, temocapril, or a combination of these but not by treatment with hydralazine. However, there are no obvious findings except minor alterations as a result of aging in the glomeruli of the control LETO rats even at 50 wk. The glomerular sclerosis index (C) and glomerular size distribution (D) determined as described in the Materials and Methods section. *P Ͻ 0.05 versus LETO; † P Ͻ 0.05, OLETF versus OLETF ϩ olmesartan, temocapril, or olmesartan plus temocapril. Original magnification, ϫ200 in A and B.
renal injury, then a rightward shift of 7 wk in the time course of proteinuria development should be observed in the treated animals. However, such rightward shifts in the U protein V levels were not observed in the ARB-or ACEI-treated animals in the present study. It also seems likely that the antihypertensive effects of ARB and ACEI during the treatment period are not the main cause of this phenomenon. The present results revealed that temporary treatment with a nonspecific vasodilator (hydralazine) resulted in a similar reduction in BP to treatments with ARB and ACE but did not attenuate renal injury in OLETF rats. In addition, the antihypertensive effects of these agents were diminished soon after the cessation of treatment.
Consistent with previous observations in hypertensive rats (25, 27, 30) , continuous AngII blockade decreased AngII kidney content in young OLETF rats (11 wk of age). These data suggest that some of the renoprotective effects of temporary angiotensin blockade are accompanied by reductions in intrarenal AngII levels during this treatment period. However, increases in intrarenal AngII levels in diabetic OLETF rats (50 wk of age) are not prevented by temporary ARB and ACEI treatments. Furthermore, neither AT 1 nor AT 2 receptor expression in the renal cortical tissues was altered by these treatments. These data suggest that the renoprotective effects of temporary angiotensin blockade are not due to the sustained suppression of intrarenal RAS activity.
AngII induces cellular changes through NAD(P)H oxidasemediated ROS production (29, 30) ; ROS have also emerged as important mediators in the pathogenesis of diabetic nephropathy (29, (31) (32) (33) . Similar to the alterations in intrarenal AngII levels, p22phox expression and TBARS content were augmented in both prediabetic (11 wk of age) and diabetic (50 wk of age) OLETF rats. We also observed that augmented renal p22phox expression and TBARS content were reduced by daily ARB or ACEI treatments at 11 wk of age. However, the augmentation of ROS in diabetic OLETF rats (50 wk of age) was not prevented by temporary treatment with ARB or ACEI. Collectively, these results suggest the potential contribution of ROS to the development of renal injury in OLETF rats; however, the renoprotective effects of temporary angiotensin blockade at the prediabetic stage cannot be explained by sustained suppression of intrarenal ROS.
Although the present study provides no direct information regarding the mechanisms that are responsible for the beneficial actions of temporary angiotensin blockade on type 2 diabetic renal injury, several possibilities can be suggested. Okada et al. (23) showed that AngII stimulated DNA synthesis to a greater extent in mesangial cells that were isolated from young prediabetic OLETF rats (14 wk of age) than in those from older diabetic OLETF rats (50 wk of age). These findings suggest that a possible critical AngII-sensitive phase exists in the renal cells of OLETF rats at the prediabetic stage. The authors also indicated stage-specific gene regulation in the mesangial cells of OLETF rats (23) . Thus, it can be speculated that AngII-induced gene regulation in the renal cells of prediabetic OLETF rats is affected by temporary treatment with ARB or ACEI. The present study revealed that, although the collagen contents in the renal cortical tissues remained unchanged in prediabetic OLETF rats (11 wk of age), type IV collagen gene expression was already enhanced at this age. In addition, gene expression of CTGF, which mediates downstream events of TGF-␤ (34) and stimulates fibroblast proliferation and extracellular matrix protein synthesis (35, 36) , was markedly increased in the kidneys of OLETF rats (11 wk of age). Furthermore, temporary AngII blockade at the prediabetic stage resulted in sustained reductions in these gene expression and collagen accumulation later in life. These data suggest that AngII-induced CTGF and collagen gene expression at the prediabetic stage may participate, at least in part, in the onset of renal injury in OLETF rats.
In summary, the present study demonstrates that intrarenal AngII and ROS levels as well as type IV collagen and CTGF gene expression are already augmented long before the first signs of diabetes become apparent in OLETF rats. Furthermore, temporary blockade of the RAS at the prediabetic stage suppresses the development of diabetic renal injury, independent of its effects on BP and glucose metabolism. These data support the hypothesis that early blockade of the RAS could be an Figure 5 . Renal cortical mRNA expression of angiotensinogen (A) and renin (B), as well as kidney angiotensin II (AngII; C) levels in OLETF rats at 11 wk of age. Compared with control LETO rats, OLETF rats already show higher renal angiotensinogen and renin mRNA expression as well as kidney AngII levels at the prediabetic stage. Augmented intrarenal AngII levels in OLETF rats are decreased by treatment with olmesartan, temocapril, or olmesartan plus temocapril but not by treatment with hydralazine. *P Ͻ 0.05 versus LETO; † P Ͻ 0.05, OLETF versus OLETF ϩ olmesartan, temocapril, or olmesartan ϩ temocapril.
effective strategy for preventing the development of type 2 diabetic renal injury later in life. However, more careful assessments of the morphology and intrarenal RAS (by using electron microscopy, HPLC separation, and receptor binding assays, etc.) will be required for confirmation. In addition, further studies on patients with type 2 diabetes will be necessary to address this hypothesis directly. In this regard, the ROADMAP (Randomized Olmesartan and Diabetes Microalbuminuria Prevention) study was initiated in September 2004 to determine the difference in time to microalbuminuria between patients with type 2 diabetes and normoalbuminuria allocated to olmesartan or conventional antihypertensive therapy (presented at the 19th Scientific Meeting of the International Society of Hypertension, February 2004). Importantly, this clinical trial will test whether the prevention of microalbuminuria with early olmesartan treatment leads to renal and other cardiovascular protection and improves disease morbidity and mortality later in life.
